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GENERAL INFORMATION

oo I S

o ” The purpose of this. progrom is to corﬁpufe thé 5p§ce mdtqhon doseé éb\
'.’ V{;&us.ed by eleqfr;ﬁs bemé’ frqnsmxtted through a rgdlatvnon_sh_xeld\. . |
Réquiréc; iﬁppfs for the program are:

1. Elech;on flux to dose cénversion table

2. Energy spectrum being used

3. Atomic rwn}ber of shield material

4, Llover thickness for each solid angle for each sector

i~ igle tor eqct

The program is presently set up to handie only one type of material at a :

time. . Dose may be c‘alculut'e.d af cny»‘p.oint inside a vehicle. | A0+l)0 v

: ASSUMPTIONS
~In the cases of three-dimensional <hnelos (such as space vehicles), the

shield is assumed to be approximately spherical.

* LIMITATIONS -

The mathematical b'formulo for frcnsmissio'n of electrons is derived from the
electron Monte Carlo data (Ref. 1). |

The analysis is for.one material oﬁi-y, o>nd a shield of more than one k-»ind

]

of material must be treated as though every layer consists of the same material.

T




RECOMMENDATIONS

It is recommended that this program be expanded to aralyze radiation

. ‘shields composed of more than one type of material.

i
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PROCEDURE

L NOMENCLATURE

"'[he nomencluture is presenfed in Tuble I

- METHOD

From an empirical study, it is found that electrons from radicﬁ‘qn belts

encircling fheearfh w's’ll produce a mdiation dose (Di) equal to:

o i) f r(s)¢(f) (E)}

where the following is true:
1.. T(E) is the transmission of one electron thrdugh a shield of thickness:
- X and a'i.'omicknumb"er Z. It is found empirically to fit the curve

0. 848

' L 0.24
0. 5852-0 271) (E)]-7(Z—3. 25)

’ T = exp - ( =
This value of T(E) is computedb in subroutine FUNCT(E, N) with E= electron

energy in Mev.

2 ¢ (E) i xs the energy spectrum from a pamculor radnahon belt Values’

o -"for ¢(E) For each of three specfra are ca!culafed in subrouhne ELSI (EE, N)

_ where» EE is the e!ectron_ energy and Nis 1, 2, or 3 dependmg on -the spectrum

being considered. - |

g;E(—(E) is the jonization loss for an electron of ehérgy E (Mev) of




rd

X (3]

Symbol for a particular energy spectrum

TABLE 1. Nomenclature
MATH PROGRAM
SYMBOL. - SYMBOL DEFINITION UNITS
R ET R : _'E_ntryA(Energy) in table - Mev
o - Entry &-gnta le__ ev-cm /gm
D Dose through one thickness of a Mev/cc
A given material
D DOSE ‘Summation of all D's rads
Xvi X(1) A particular thickness - gmfem®
N. ol A particular solid angle steradians/4T
Z Z Atomic weight of garticular material ~ Pure No.
‘NP Number of problems or number of Pure No.
different types of shield materials
NA Number of entires in ET-DIVX table Pure No.
E; XL Lower limit of integrafion Mev -
E XU. Upper limit of integration - ~ Mev
RO . Dummy density (=1) gm/cc
NE Energy spectrum being used ~ Pure No..
(NE = 'I. for Carter Artificial
NE = 2 for Mar Artificial
NE = 3 for Van Allen Belt)
NX Number of sectors of shielaing Pure No.
- SOURCE Number of incident electrons Electrong/cm2
FACT Fraction of incident electrons Pure No.
entering shield |
Mev !




the material for which the dose is calculated. Values for %E (E) are taken from
Réf. 2. This is done by subroutine DEDX, using linear interpolation.
" For each thnckness X the producf of T(E), }5 (E) and ———(E) is
"'f.'f;mfegbc.rafed over fhe nange of possnb!e values of E to obtam the dsse. lf the dose -
is desired through a porhcular solid angle of shield, say,ﬂ_, fhen fhe integral
is multiplied by.fu.

The total dose throﬁgh the shield is, fhen, taken to be the sum of the

individual doses through particular thicknesses and at various solid angles. -

Because of the comﬁlexity of the integrctfon involved, only one hand
cuklcu.lation was made. The same case was run o?\ _the machine, 'uﬁd the two
results wéré found to differ by 6%,. |

Also, the values for 3—§(E) were taken from an U. S. Bureau of Standards
publication (Ref. 2). | The .expressi_ons_for ¢(E) were the natural and artificial
trapped e[ec’rrc;n spectra (Refs. 3 and 4).

It was, fherefore.,. deéided thafv the values this program was generating
fé‘r T(E) would estcl‘:l‘ish the Qalidity of the proglfom.‘ These vcl.ues were conse-

k qOeany compared with vclL;es for thé fmnsmissio? computed in a ?réviously written
. ! <

program (Ref. 1), and were found to be in agreement with them.
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INPUT PREPARATION AND OUTPUT DESCRIPTION

INPUT DATA
. ) lnput dqfq fqr; fhis érégﬁ:m fnay be di-vic‘{ed i’ntq five »(5) groups as folléw.;,f .
o A» GrouE l Thls grcr-)dvptcc;ﬁsi‘s‘.fs?af two‘v ccrds T.Fé:fvifs'qur‘d ;;nféiné fv;/o-;i‘i B
fnfegers, NP and NA,. in ;: 215 formaf.v NPvis the r_mmbér of érot;lems to be run,
and NA is fhé number of enfriesv in the ET - gé—téble for tigsue. Thé second card’
contains .fhree floating point variables, XL, XU, RO, in that order, and with a
format' of 3 F 10.0. XL and XU are the lower and upper limits ofhin;'egvrcﬂon,
and RO is the dér?sif)'(=] for rads) . In the case of the artificial electron belt,
the: uvpper limit XU fs about 10 Mev. Since elec.frons having energy lower than
d. 1 Mev ére not very penetrating, XL=. 1.

Gréup . The ‘second.g‘roué of cards contains the entries for the ET - %

- table fér tissue. Each contains eight (8) floating point numbers inan 8 F 10.0

o . ‘ L dE
format. The first number on a card is ET, the second is the corresponding o the

d

third "ET, etc. There will be approximately '\i‘,A such cards.
Group lll. | This card contains HOLLERIT_H' information to be printed out .
at the end of the rQn. 4 | | | |
~Group IV. THis gro‘up consists of the fo!lov;'ing cards:
NX which is right adjusted in columns 1-6, NE, wh'ich is right adjusted in

columns 13-18, SOURCE in column§ 37-48 with an E12.0 format, FACT in columns

49-54 with a F6.0 format, and Z in columns 55-60 v~'rith a F6.0 format.




NX is equal to the numbers of sectors in a vehicle.

NE is the index for the energy spectrum.

SOURCE is the incident electrqn flux in particles per sqﬁcre cenfimét‘er. _
FVAC,Tjs the frée-fic;h of thg ip;idént'ﬂqk eﬁférfng ﬁlme 'shieylding;

Zz"bis the aféfnic nu%Eer to'be used feo‘.r éll sH%ela Iz;);ers; |

Group V. The first card contains N according to anl6é format in columns

' 1-6, and 0 according to an E12.0 format in columns 7-18. N is equal to the

number of material layers in the sector, and 0 is th;e weight associated with the
séctor.

There follow N cards which each contein o value of XT according to
an E]?.O format in columns 7-18.  The set of XT's are the thicknesses of each

of the material layers in a sector.

These card formats were used in order that the same data cards might be

used for all the space radiation shielding programs.

The input data may also be divided into two general groups: those
variables which normally will not be changed, and those variables which must
be changed to obtain different runs.

. THe first of theée gréups consists of the variables NA, XL, XU, RO,
dE '

ET - = table, SOURCE, and FACT.

dx

Those variables which may change from one run to another are: NP,

NE, NX, Z, X—values, and $-values.

i ot o

Lot R nE e o
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OUTPUT DATA

The output data appear. on a listing with appropriate headings and

titles and is self-explanatory.
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PROGRAMMING INFORMATION

This program is designed to correspond to the IBM 7090/94 FORTRAN

B : _‘L.A,/m'oniforksrysfeh. Input ‘datcor.efead from Iogicul.tcpe 5 by fhe_ FORTRAN READ E o o

N ~INPUT TAPE statement. Oufput o be pri.nred! is written on logical tape 6 usiné'

the FORTRAN WRITE OUTPUT TAé-E‘sfcfement. No specfol tapes are required.
There are no console switch settings required; Termination of the run is caused
by a call to EXIT {returns control to the monifor)rwhén the specified number of
cases has been grocessed.

The program, éxciuding routines provide
requires -opproxir;zately 2,400 storage cells. Of this amount, 2,000 locatiens
are required for storage of machine instructions and non-COMMON data, un&

400 céHs for COMMQN data storage.

Routines taken from the library are:

EXP exp(X)
EXP(3) Called by X**Y
CEXIT  Retumns control to monitor Sysfeh

In addition, those routines required by the FORTRAN system for input

and output are used. .

i




FLOW CHARTS
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{ START )

READ IN VARIASLES

FOR ONE VEHICLE

INITIALIZE
COUNTERS

N

i

DETERMINE LIMITS OF

INTEGRATION' FOR A LAYER

?

COMPUTE
ELECTRCH
DOSE

1
t

1

ARE THERE | Y

ANY NMORE
LAYERS

GNO

" WRITE OUT |
_ CALCULATED @33
.~ DOSE

o
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WEGUES
CALLS
FUNCT

\
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o ARE THERE
YES ANY MORE
VEHICLES

KO

EXIT )
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START

b {

1 ELECTRON THROUGH .ONE
LAYER, T(E)

| COMPUTE TRANSMISSION OF.

OF ELECTRONS, S(E)

COMPUTE ENERGY SPECTRUM |

" SUBROUTINE

ELS!

e

- CCMPUTE RATE OF CHANGE
 OF ENERGY OF ELECTRONS, 1

dt
axt&)

FUNCT =
‘ - gf
T(8) x S(g) x S(E)

L.

" Flow Cgoﬂ of Sub-rouﬁne‘ FUNCT
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PROGRAM  LISTING
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e ~ SAMPLE PROBLEM
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